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Abstract properly characterized by an impulse response function which
Kinetic analysis of dynamic tracer data is performed witfescribes the difference between a reference molecule (which

the goal of evaluating myocardial radiotracers for cardidto€S not leave the vasculature) and the molecule of interest
nuclear medicine imaging. Data from experiments utilizinfnich is hypothesized to be transported across the capillary
the isolated rabbit heart model are acquired by sampling tRgundary and is made available to the cell. We use a linear
venous blood after introduction of a tracer of interest and SYStéms approach in which we assume there is no interaction
reference tracer. We have taken the approach that the kineB€{ween molecules of the tracer or reference nor does the
are properly characterized by an impulse response functigptake of any molecule influence the uptake of any other.
which describes the difference between the reference molecHf@ing this formalism we can model the appearance of the tracer

(which does not leave the vasculature) and the molecule Qsinterest in the venous output of the heart as a convolution

interest which is transported across the capillary boundary afidthe appearance of the reference tracer with the impulse
sponse

is made available to the cell. Using this formalism we calf
model the appearance of the tracer of interest in the venous ¢
output of the heart as a convolution of the appearance of the h(t) = ah,(t)*xg(t) =a / hy(T)g(t — 7)dT 1)
reference tracer with the impulse response. In this work we /0

parameterize the impulse response function as the sum ofyReren(t) is the venous concentration of the tracer of interest
large number of exponential functions whose predetermingd 3 function of timek., (t) is the venous concentration of the
decay constants form a spectrum, and each is required Opdyerence tracer, is the constant of proportionality of the tracer
to have a nonnegative coefficient. This approach, callgg interest relative to the reference tracer in the arterial blood,
spectral analysis, has the advantage that it allows conventiogal g(t) is the impulse response function. In what follows

compartmental analysis without prior knowledge of the numbegacer will denote “tracer of interest” unless we specifically
of compartments which the physiology may require or whiclyite “reference tracer”.

the data will support. . . .
PP We have analyzed the isolated rabbit heart data in several

. INTRODUCTION different ways, but each of them depends on the linearity

Kinetic analysis of dynamic tracer data is performed with th@roperties illustrated in the convolution of equation (1).
aim of quantitatively describing the uptake and washout of né/fferences in these analytical approaches arise from the
and established radiopharmaceuticals with the ultimate goal@¥sumptions made about the form of the impulse response
evaluating myocardial radiotracers for cardiac nuclear medicifigction, g(t). Desirable properties of(t) which can be
imaging. Data from experiments utilizing the isolated rabbfieduced from the case where the reference tracer dispersion
heart model are acquired by sampling the venous blood aftarthe vascular blood is very small are that it be nonnegative
introduction of constant proportions of a tracer of interest arfghere should never be a negative amount of tracer in the
a reference tracer via the aorta in a retrograde manner (arteY@nous blood), that it be zero for negative time (tracer should
blood). While the concentrations may change with time, tH¥ot appear in the venous blood before the reference tracer), and
proportion of these two (or more) tracers remains constant gt its integral be less than or equal to one (the total amount
the arterial blood throughout each experiment. The differenc@ltracer which emerges in the vascular blood should not be
in the concentrations of these tracers measured in the ven8{ater than the normalized total amount of reference tracer).

blood are the basis of the analysis and are used to estimate then all cases several simple quantities can be used to describe

clinical utility of radiotracers of biological interest. the gross characteristics of the impulse response function. The
overall integral of the impulse response function characterizes
II. THE IMPULSE RESPONSEFUNCTION the fraction of molecules of interest which enter the heart and

ﬂter emerge in the vascular blood. The remaining molecules

In analyzing data derived from this model, we have také the heart but d i Th be referred t
the approach that the uptake and washout of a tracer %ger € heart but do not reappear. These can be reterred to as

the bound fractionf,.
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Another quantity which can be obtained by characterization of compartments which the physiology may require or which
the impulse response function is the fraction of the moleculestbie data will support.
mFerest which gnter the heart and emerge in the vascular blood¢ impulse response function for the spectral analysis
with the same time course as molecules of the reference tragg&inod is given by
f=- This leads to a formulation of the impulse response as .
cs
* * t) = —jeit/tj 7

g(t) = fro(t) + 9" (1) ®) g°(t) ; t; 0
where(t) is the Dirac delta function. The fractiofy, are wheren is the number of components ang is the fraction
molecules which have not left the vasculature (have not beefthe injected activity that has mean transit timef ptiue to
extractedirom the blood). It is therefore natural to characterizbidirectional diffusion between vasculature and cell.
that fraction of molecules which do not emerge in the vascular
blood with the same time course as molecules of the reference V. EXAMPLE OF SPECTRAL ANALYSIS

tracer as the extraction fraction or simply as extraction,
of two myocardial flow imaging agents in a bolus injection
E=1-f, 4) X - o
experiment are shown in Figure 1. The spectrum of positive

Finally there is the fraction — f, — f. = E — f. which is amplitudes for 100 exponentially decaying components are

extracted by the heart and which later reappears in the ven@ifdited for each. Time constants are equally spaced between 1
blood and is represented in equation (3)gb¥t). This fraction second and 190 minutes on a logarithmic scale. It is clear that

is further characterized by the time it takes to wash out of the -labeled rotenone is extracted better and is retained longer

heart. than ™ Tc-labeled sestamibi. For both, the point on the left

) _ . i of 1 second represents,, the fraction which is not extracted
The impulse response function we describe here is relatﬁp_lﬂ and 0.63 for rotenone and sestamibi, respectively).

to the more traditional residue function as follows. Since th&q e 2 shows the spectral model fits to the time-activity curve
residue function is defined as the concentration of tracer in tgﬁmples for the bolus injection experiment.

myocardium, the impulse response function denoted in this
work asg*(t) (for the venous response of extracted tracer) is
proportional to the negative derivative of the impulse response 4

Examples of spectral analysis applied to the evaluation

for the residue function. I-125 rotenone fit —
t 08}
s (0) =B~ [ " (r)ar ©)
0 c 06}
dg,p. (1) £
Ires % S
—a Y (t) ©® & g4l
IIl. PARAMETERIZATION OF THE IMPULSE 0.2}
RESPONSE T . ;
. . 0 L L ? L L L
We h_ave previously used three methods to parameterize the 1 10 100 1000 10000
venous impulse response of the extracted tracét). In order time constant (sec)
of increasing restrictiveness they are:
1 . . .
1. g*(¢) is required only to be a nonnegative, nonincreasing Tc-99m sestamibi fit -
function [1, 2]. 08}
2. g*(t) is modeled as the sum of a large number of 06 |
exponential functions whose predetermined decaé '
constants form a spectrum, and each is required only t&
have a nonnegative coefficient [3, 4]. = 04y
3. g*(t) is modeled as the sum of a small number of 0.2}
exponential functions whose decay constants and .
coefficients are variable [5, 6]. o L= i I : :
1 10 100 1000 10000

The third of these leads to the traditional method of time constant (sec)

compartmental mO('deI analysls used in nuclear medICIng. TH%ure 1: Spectra of exponentially decaying components. (Upper)
second is the subject of this work. It allows conventlonab5|_|abeled rotenone. (Lowe?P™ Tc-labeled sestamibi

compartmental analysis without prior knowledge of the number
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Figure 2: Time-activity curve samples and spectral model fits for a bolus injection experiment. (Uppef Idéipeled rotenone, first 60 sec.

(Upper right)'??1-labeled rotenone, entire 30 min experiment. (Lower [&ff) Tc-labeled sestamibi, first 60 sec. (Lower right)' Tc-labeled

sestamibi, entire 30 min experiment. The appearance of each myocardial flow imaging agent in the venous output of the heart was modeled as
convolution of the appearance of the reference tradééklabeled albumin, with the impulse response given by the spectral model for the flow

tracer (Figure 1).
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